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IMAGING SENSOR ARRAY 
AND DEVICE AND METHOD FOR USE THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a device, system and method of imaging or in-vivo 
sensing, specifically to a device, system and method using a sensor array receiving and/or 
recording data captured in-vivo. 

BACKGROUND OF THE INVENTION 

Devices and methods for performing in-vivo imaging of passages or cavities within a 
body, and for gathering information other than or in addition to image information (e.g., 
temperature information, pressure information), are known in the art. Such devices may 
include, inter alia, various endoscopic imaging systems and devices for performing 
imaging in various internal body cavities. 

An in-vivo imaging device may include, for example, an imaging system for obtaining 
images from inside a body cavity or lumen, such as the GI tract. The imaging system 
may include, for example, an imager associated with an optical system, and optionally an 
illumination unit, a transmitter and/or an antenna. Other types of in-vivo devices exist, 
such as endoscopes which may not require a wireless transmitter, and devices performing 
functions other than imaging. 
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Some in-vivo imaging systems use multiple cables, sensors and/or antennas to 
and/or record signals and/or data transmitted by an imaging device. For example, some 
in-vivo imaging systems require firm attaching of multiple sensors to a user's skin and/or 
body; such firm attaching may require gluing or bonding of sensors to a user's skin 
and/or body. In some imaging systems, multiple cables, sensors and/or antennas are used 
such that it may result in inefficient operation and/or inconvenient usage. 
Therefore there is a need for a system and a method which will improve the noise figure, 
and will decrease the amount of cables between antenna array and the recorder. 



SUMMARY OF THE INVENTION 



Various embodiments of the invention provide, for example, an imaging system using a 
sensor array, which may be used, for example, in conjunction with an in-vivo imaging 
device or other sensing device. 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor array and/or 
antenna array. 



an 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor array and/or an 
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antenna array incorporated within a wearable garment and/or article of clothing, for 
example, a wearable vest or shirt. 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor, sensors, an 
antenna and/or antennas, which may be attached to a user's skin and/or body by adhesion, 
either directly and/or indirectly, for example, using an adhesive sleeve. 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor array and/or an 
antenna array and/or an amplifier and/or a pre-amplifier. 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor array and/or an 
antenna array and/or a selection switch to select one or more from a plurality of antennas 
and/or sensors. 



Embodiments of the invention provide, for example, an in-vivo imaging system able to 
receive and/or record signals, data and/or transmissions, using a sensor array and/or an 
antenna array and/or a single cable and/or a reduced number of cables and/or a reduced 
number of connectors to connect the array to a recorder. 
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A sensor array and/or an antenna array in accordance with embodiments of the invention 
may be used in applications other than an in-vivo imaging system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

> ■ 

■ 

wm 

The subject matter regarded as the invention is particularly pointed out and distinctly 
claimed in the concluding portion of the specification. The invention, however, both as 
to organization and method of operation, together with objects, features and advantages 
thereof, may best be understood by reference to the following detailed description when 
read with the accompanied drawings in which: 

■ 

FIG. 1 is a schematic illustration of an in-vivo imaging system in accordance with an 
embodiment of the invention; 

FIG. 2 is a schematic illustration ion of a body fitted with a set of antennas according to 
an embodiment of the present invention; 

FIG. 3 A is a schematic illustration of a device for receiving; 

FIG. 3B is a schematic illustration of a device in accordance with an embodiment of the 
present invention; 

FIG. 3C is a schematic illustration of a device in accordance with another embodiment of 
the present invention; 
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FIG. 4 is a schematic illustration of a wearable article incorporating a device in 
accordance with an embodiment of the invention; and 

■ 

•« 

FIG. 5 is a flow chart diagram of a method of receiving and/or recording transmissions in 
accordance with an embodiment of the invention. 

It will be appreciated that for simplicity and clarity of illustration, elements shown in the 
figures have not necessarily been drawn to scale. For example, the dimensions of some 
of the elements may be exaggerated relative to other elements for clarity. Further, where 
considered appropriate, reference numerals may be repeated among the figures to indicate 
corresponding or analogous elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following description, various aspects of the invention will be described. For 
purposes of explanation, specific configurations and details are set forth in order to 
provide a thorough understanding of the invention. However, it will also be apparent to 
one skilled in the art that the invention may be practiced without the specific details 
presented herein. Furthermore, well-known features may be omitted or simplified in 
order so as not to obscure the invention. 

It is noted that some embodiments of the present invention are directed to a system for 
use with a typically swallowable in-vivo device. Other embodiments need not be for use 
with a device that is swallowable. Devices used with embodiments of the present 
invention may be similar to embodiments described in International Application WO 
01/65995 and/or in U.S. Patent No. 5,604,531, each of which are assigned to the common 
assignee of the present invention and each of which are hereby fully incorporated by 
reference. Furthermore, a receiving and/or display system suitable for use with 
embodiments of the present invention may also be similar to embodiments described in 
WO 01/65995 and/or in U.S. Patent Number 5,604,531. Of course, devices and systems 
as described herein may have other configurations and other sets of components. 

Alternate embodiments of the device, system and method according to various 
embodiments of the invention may be used with other devices, including non-imaging 
and/or non-in-vivo devices. 
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or 



In some embodiments, a receiving system may be placed on a patient that may, for 
example, produce stronger signals, be easier to use, and/or provide other benefits. For 
. example, the receiving system may collect signals at a point that is electrically 
physically close to a set of antennas, enabling, for example, amplification or processing. 
Such amplification or processing may be done in a unit that is closer, electrically, to the 
antenna or antennas than other units, such as a recorder unit. For example, a set (where 
set may include one) of antennas may send signals to a recording or other unit, and an 
amplification or other signal processing unit, which may be separate from both the 
antennas and recording unit may be placed in an intermediate location. The receiving 
system may also enable the consolidation of cables or signals, so that if multiple antennas 
are used, for at least a portion of the signal path may involve only one cable. Of course, 
other configurations and benefits are possible. 

Reference is made to FIG. 1, which shows a schematic diagram of an embodiment of an 
in-vivo imaging system. In one embodiment, the system may include a device 40 having 
an imager 46, an illumination source 42, and a transmitter 41. In some embodiments, 
device 40 may be implemented as a swallowabie capsule, but other sorts of devices or 
suitable implementations may be used. Outside a patient's body may be a device 12, a 
storage unit 19, a data processor 14, and an image monitor 18. Other systems and 



methods of storing and/or displaying collected image data may be used. It is noted that 



in 



some embodiments, device 12, data processor 14 and/or other components of device 40 
and/or of the system of FIG. 1 may be similar to that described in the above-mentioned 
International Application WO 01/65995 and/or U.S. Patent No. 5,604,531, with suitable 
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modifications; in alternate embodiments, these components may have similar or different 
structure, functionalities and operation. 

Device 40 typically is or includes an autonomous swallowable capsule, but may have 

* ■ * 
» 

other shapes, and need not be swallowable or autonomous. In one embodiment, device 
40 includes an in-vivo camera, e.g., imager 46, which may capture and transmit images 
of the GI tract while the capsule passes through the GI lumen. Other lumens may be 
imaged. It is noted that in some embodiments, instead of imager 46 and/or in addition to 
it, other types of sensors may be used and/or may capture data, for example, a 
temperature sensor, a pH sensor, a pressure sensor, etc. 

In one embodiment, imager 46 in device 40 may be connected to transmitter 41 also 
located in device 40. Transmitter 41 may transmit images to image device 12, which 
may send and/or transmit and/or upload and/or download the data to data processor 14 
and/or to storage unit 19. Transmitter 41 may also include control capability, although 
control capability may be included in a separate component. Transmitter 41 may include 
any suitable transmitter able to transmit images and/or other data (e.g., control data) to a 
receiving device. For example, transmitter 41 may include an ultra low power Radio 
Frequency (RF) transmitter with high bandwidth input, possibly provided in Chip Scale 
Package (CSP). Transmitter 41 may transmit via antenna 48. 

In some embodiments, transmitter 41 may include, for example, a transmitter-receiver or 
a transceiver, to allow transmitter 41 to receive a transmission. Additionally or 
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alternatively, a separate or integrated receiver (not shown) or transceiver (not shown) 
may be used within device 40, instead of transmitter 41 or in addition to it, to allow 
device 40 to receive a transmission. In one embodiment, device 40 and/or transmitter 41 
may, for example, receive a transmission and/or data and/or signal which may include 

• « « 

commands to device 40. Such commands may include, for example, a command to turn 
on or turn off device 40 or any of its components, a command instructing device 40 to 
release a material, e.g., a drug, to its environment, a command instructing device 40 to 
collect and/or accumulate a material from its environment, a command to perform or to 
avoid performing an operation which device 40 and/or any of its components are able to 
perform, or any other suitable command. In some embodiments, the commands may be 
transmitted to device 40, for example, using a pre-defined channel and/or control 
channel. In one embodiment, the control channel may be separate from the data channel 
used to send data from transmitter 41 to receiver 12. In some embodiments, the 
commands may be sent to device 40 and/or to transmitter 41 using receiver 12, for 
example, implemented using a transmitter-receiver and/or transceiver, or using a separate 
and/or integrated transmitter (not shown) or transceiver (not shown) in the imaging 
system of FIG. 1 . 

Power source 45 may include one or more batteries. For example, power source 45 may 
include silver oxide batteries, lithium batteries, other suitable electrochemical cells 
having a high energy density, or the like. Other power sources may be used. For 
example, instead of internal power source 45 or in addition to it, an external power source 
may be used to transmit power to device 40. 
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Data processor 14 may analyze data received, such as image data, and may be in 
communication with storage unit 19, transferring data, such as frame data, to and from 

■ 

storage unit 19. Data processor 14 may also provide the analyzed data to image monitor 
18 and/or position monitor 16, where a user may view the data. In one embodiment, for 
example, image monitor 18 may present an image of the GI lumen, and position monitor 
16 may present the position in the GI tract at which the image was taken. In one 
embodiment, data processor 14 may be configured for real time processing and/or for 
post processing to be performed and/or viewed at a later time. Other monitoring and 
receiving systems may be used in accordance with embodiments of the invention. 

In some embodiments, in addition to revealing pathological conditions of the GI tract, the 
system may provide information about the location of these pathologies. Suitable 
tracking devices and methods are described in embodiments of the above-mentioned U.S. 
Patent No. 5,604,531 and/or U.S. Patent Application Publication No. US-2002-0173718- 
Al, filed May 20, 2002, titled "Array System and Method for Locating an In-Vivo Signal 
Source", assigned to the assignee of the present invention, and fully incorporated herein 
by reference. 

It is noted that in embodiments of the invention, other location and/or orientation 
detection methods may be used. In one embodiment, the orientation information may 
include three Euler angles or quaternion parameters; other orientation information may be 
used. In one embodiment, location and/or orientation information may be determined by, 



10 



WO 2005/004033 



PCT7IL2004/000595 



for example, including two or more transmitting antennas in device 40, each with a 
different wavelength, and/or by detecting Hie location and/or orientation using a magnetic 
method. In some embodiments, methods such as those using ultrasound transceivers or 
monitors that include, for example, three magnetic coils that receive and transmit 

* 

positional signals relative to an external constant magnetic field may be used. For 
example, device 40 may include an optional tracking and/or movement sensor 43. 

In one embodiment, localization mechanism may be used; for example, a system using 
transmission from three or more stations. In one embodiment, if a phase and a frequency 
are used which are sufficiently high (e.g., 300 Megahertz), a resolution of 1 millimeter 
may be possible. Other types of localization mechanism may be used in accordance with 
embodiments of the invention. For example, an array of antennas or sensors may be 
placed on or close to the abdomen to enable tracking of device 40. Of course, other 
components or sets of components may be used in accordance with embodiments of the 
invention. 

Optionally, device 40 may include a processing unit 47, for example, to process signals 
generated by imager 46. Processing unit 47 need not be a separate component; for 
example, processing unit 47 may be integral to imager 46 or transmitter 41, and may not 
be needed. 

Optionally, device 40 may include one or more illumination sources 42, for example one 
or more "white LEDs" or any other suitable light source, for illuminating the body lumen. 
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In some embodiments, illumination sources 42 may provide, for example, ultra-violet 
light, infra-red light, or any other desired light or spectral range. In one embodiment, 
illumination sources 42 may include a laser source and/or may provide one or more laser 
beams. 

In some embodiments, an optional optical system 50, including, for example, one or more 
optical elements (not shown), such as one or more lenses or composite lens assemblies 
(not shown), one or more suitable optical filters (not shown), or any other suitable mirror 
and/or lens and/or optical elements (not shown), may aid in focusing reflected light onto 
the imager 46 and/or performing other light processing. 

Typically, device 40 transmits image information in discrete portions. Each portion 
typically corresponds to an image or frame. Other transmission methods are possible. 
For example, device 40 may capture an image once every half second, and, after 
capturing such an image, transmit the image to device 12. Other constant and/or variable 
capture rates and/or transmission rates may be used. 

Typically,* the image data recorded and transmitted is digital color image data, although 
in alternate embodiments other image formats (e.g., black and white image data) may be 
used. In one embodiment, each frame of image data includes 256 rows of 256 pixels 
each, each pixel including data for color and brightness, according to known methods. 
For example, in each pixel, color may be represented by a mosaic of four sub-pixels, each 
sub-pixel corresponding to primaries such as red, green, or blue (where one primary is 
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represented twice). The brightness of the overall pixel may be recorded by, for example, 
a one byte (i.e., 0-255) brightness value. Other data formats may be used. 

■ 

Fig.2 schematically illustrates a side view of a body 100 fitted with three antennas 112, 

* m 

114 and 116 according to an embodiment of the present invention. Other numbers of 
antennas may be used .Due to high attenuation of bodily tissues a condition may exist 
that enables device 40 location 102 to be received by antenna 1 12 (distance Rl), and 
also register at the edge of reception level of antenna 1 14 (distance R2, when given R3 
> R2), but will not be received by antenna 116 (R3, when given R3>R2). When the 
capsule (not shown) moves to a new location 104, the best reception is by antenna 116 
(distance R4) while the other antennas (1 12 and 114) may have a low reception level, or 
may be out of range. 

According to embodiments of the present invention in order to ensure a stable reception a 
plurality of antennas may be used (e.g. an antenna array). It should be readily apparent 
that the more antennas in an antenna array, the better the coverage of the body and the 
better localization of the capsule. In some embodiments as few as three or four antennas 
properly positioned are sufficient to adequately locate the capsule during its transit inside 
the body. 

Fig. 3a is a schematic illustration of a recorderl02. Recorder 102 may include, for 
example, a receiver 101, a preamplifier 122, a processing unit 124 and a memory unit 
126. Antennas Al-An, located at distance L from recorder 102 are connected to the 
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recorder 102 by a plurality of cables 130. Cables 130 may attenuate signals received 
from the antennas Al-An, while not attenuating most of the noise components. 
Therefore the overall noise figure of receiver 101 is relatively lower in this case in 
comparison to cases where a direct attachment between the antennas An and the recorder 
is employed (e.g. L=0). 



FIG. 3b is a schematic illustration of a device 12 in accordance with an embodiment of 
the invention. Device 12 may include, for example, a receiver 201, a recorder 202, and 
optionally a connecting cable 203 to connect receiver 201 and recorder 202. In 
embodiments, device 12 may be used in conjunction with the system of FIG. 1. 



some 



In some embodiments, receiver 201 may include one or more sensors and/or antennas 
In one embodiment, as indicated in FIG. 3b, receiver 201 may include seven antennas 
211, 212, 213, 214, 215, 216 and 217. Of course, another number of antennas and/or 
sensors may be used in accordance with embodiments of the invention. Additionally or 
alternatively, in some embodiments, antennas 211 to 217 may include antennas and/or 
sensors of one type and/or of various types and properties. 



Antennas 211 to 217 may include, for example, Radio Frequency (RF) antennas, which 
may include dipole antennas and/or any suitable units to receive a signal and/or a 
transmission. In some embodiments, antennas 211 to 217 may include, for example, a 
suitable transducer and/or other unit to receive and/or convert RF fields into electric 

* 

current, or a suitable unit to receive and/or convert a signal, energy and/or data from 



one 
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form to another form. Furthermore, in some embodiments, one or more of antennas 211 
to 217 may include a sensor and/or a cable and/or a wire and/or a connector, as detailed 
herein. 

* 

■ 

Antennas 211 to 217 may be arranged, positioned, connected, placed and/or aligned to 
allow a desired reception of signals, for example, an optimal reception and/or a near- 
optimal reception and/or maximal signal strength and/or minimal error rate and/or 
minimal noise. For example, as illustrated schematically in FIG. 3b, antennas 211 to 217 
may be arranged in a centralized pattern, in a circular pattern, to cover a desired area, etc. 
It is noted that some suitable patterns are shown in International Application WO 
01/65995 and/or in U.S. Patent No. 5,604,531. Of course, other shapes, areas, sizes 
and/or arrangements of antennas and/or sensors may be used in accordance with 
embodiments of the invention. 

In some embodiments, antennas 211 to 217 may include, or may be connected to, 
components and/or sub-units as detailed herein. For example, antennas 211 to 217 may 
include cables 231 to 237 and sensors 251 to 257, respectively; antennas 211 to 217 may 
be connected to connectors 241 to 247, respectively. For purposes of simplicity, the 
following description may relate to an exemplary antenna 211; of course, identical or 
similar description and/or properties may apply to other antennas and/or sensors, for 
example, to antennas 212 to 217, which may have identical, similar and/or different 
properties. Hence, the description of antenna 21 1 may also relate to antennas 212 to 217; 
the description of cable 231 may also relate to cables 232 to 237; the description of 
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connector 241 may also relate to connectors 242 to 247; and the description of sensor 251 
may also relate to sensors 252 to 257. 



In some embodiments, antenna 211 may include, for example, cable 231 and/or sensor 
251. Cable 231 may include, for example, a coaxial cable and/or any suitable cable, able 
to connect antenna 211 to receiver 201. Antenna211 and/or cable 23 1 may be connected 
to receiver 201 using, for example, connector 241 of receiver 201. In some 
embodiments, cable 231 and/or antenna 211 may be detachable from connector 247 
and/or from receiver 201. 



Sensor 251 may include, for example, a wire and/or a coil of wire; in some embodiments, 
such wire may be, for example, linear, circular, square-shaped, triangular, rectangular, a 
flat sheet, a flat surface, or have another suitable form or shape. Optionally, sensor 251 
may include, or may be held within, a suitable material, for example, an insulating 
material, e.g., cloth or plastic. 



In some embodiments, sensors 251 to 257 may include, for example, Radio Frequency 
(RF) antennas, which may include dipole antennas and/or any suitable units to receive a 
signal and/or a transmission. In some embodiments, sensors 251 to 257 may include, for 
example, a suitable transducer and/or unit to receive and/or convert RF fields into electric 
current, or a suitable unit to receive and/or convert a signal, energy and/or data from one 
form to another form. Otfier types of sensors may be used in embodiments of the 
invention. 
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It is noted that in some embodiments, cable 231 and sensor 251 may be detachable from 
each other; in alternate embodiments, cable 23 1 and sensor 25 1 may be integrated, and/or 

• * 

may be implemented using one unit or several units. 

In some embodiments, receiver 201 may include connectors 241 to 247. Other numbers 

■ 

of connectors may be used. Each of connectors 241 to 247 may include, for example, a 
coaxial plug and/or any suitable plug or connection, able to connect to antennas 21 1 to 
217 and/or cables 23 1 to 237, respectively. 

Optionally, in some embodiments, receiver 201 may include a switching unit 221. In 
some embodiments, switching unit 221 may be connected to the antennas and/or sensors 
of receiver 201, for example, to antennas 211 to 217. Optionally, such connection may 
allow an operator and/or a user and/or a patient and/or a physician to detach and/or 
disconnect one or more of antennas 211 to 217 from switching unit 221, if desired. Of 
course, detachable and/or non-detachable connections, for example, connectors 241 to 
247, may be used to connect antennas 211 to 217 and switching unit 221. In some 
embodiments, switching unit 221 may switch, combine, consolidate and/or route signals 
received by antennas 211 to 217 into one or more output signals transferred using, for 
example, connection 223. 

It is noted that in some embodiments, switching unit 221 may be implemented as a 
separate component from recorder 202 and/or from antennas 21 1 to 217. Additionally or 
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alternatively, in some embodiments, switching unit 221 may be connected electrically 
between antennas 21 1 to 217 and recorder 202. Furthermore, switching unit 221 may be 
electrically close, or significantly close (e.g close defined as electrical shorter distance) , 
to antennas 21 1 to 217; and switching unit 221 may be closer, or significantly closer, to 
antennas 21 1 to 217 than recorder 202. 

In some embodiments, switching unit 221 may consolidate and/or combine multiple 
signals for recording by recorder 202. For example, switching unit 221 may switch, 
route, combine and/or transfer, for example, to recorder 202, one or more signals out of a 
plurality of antenna signals received by switching unit 22 L In some embodiments, 
switching unit 221 and/or receiver 201 may operate even if one or more of antennas 21 1 
to 217 is not operational and/or is disconnected. 

Additionally or alternatively, in some embodiments, switching unit 221 may include a 
selection unit 225. In some embodiments, selection unit 225 may include, for example, a 
manual and/or automatic switch to select one antenna and/or several antennas of antennas 
211 to 217, such that only signals from the selected antenna or antennas are transferred 
through switching unit 221 to connection 223. In some embodiments, selection unit 225 
may include or be associated with a detection unit 226 to detect and/or select a desired 
signal, for example, a strong signal, from signals received by antennas 211 to 217. In 
some embodiments, selection unit 225 may be operated manually and/or automatically 
and/or remotely, and may include any suitable combination of hardware and/or software. 
In one embodiment, selection unit 225 may include, for example, an RF selector or an RF 
switch. In some embodiments, switching unit 221 and/or receiver 201 may include an 
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optional correlator unit (not shown) and/or an optional processor (not shown); such 
processor may, for example, select a signal and/or an antenna in accordance with a 
desired and/or suitable method or algorithm. For example, in one embodiment, the 
selection may be performed by sampling the signals received from each of antennas 21 1 
to 217 for example in the beginning of each "frame" or transmission packet or data batch, 
and selecting the antenna with the strongest signal for receiving that "frame" or 
transmission packet or data batch. Other suitable selection methods and/or selection 
operations may be used in accordance with embodiments of the invention. 

Optionally, in some embodiments, receiver 201 may include an amplifier 222. In some 
embodiments, amplifier 222 may be or may include a pre-amplifier. Amplifier 222 may, 
for example, amplify a signal or signals received by antennas 211 to 217, and/or may 
amplify a signal or signals transferred by switching unit 221. In some embodiments, 
amplifier 222 may be close, or significantly close, to antennas 211 to 217 and/or to the 
user's body. Such placement may be achieved, for example, by positioning amplifier 222 
and/or receiver 201 in proximity (defined as short absolute distance) to antennas 211 to 
217, and/or from using a suitable centralized pattern of antennas 211 to 217 which 
enables such close proximity of amplifier 222 to antennas 21 1 to 217 and/or to the user's 
body. Such proximity may allow, for example, better and/or significantly better signal 
amplification by amplifier 222, since a signal may travel a short or a relatively shorter 
distance from the antenna and/or sensor until it reaches amplifier 222 for amplification. 
Using some embodiments of the invention, better signal amplification may be achieved 
and/or signal degradation may be reduced or eliminated. 
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It is noted that in one embodiment, switching unit 221 and/or selection unit 225 and/or 
detection unit 226 and/or amplifier 222 may be implemented as separate units, as 
combined units, or as integrated units, and may include any suitable combination of 
hardware and/or software. Furthermore, some or all of these units may be combined 
within one chip, processor, circuit, controller and/or physical unit. Additionally or 
alternatively, the functionalities of switching unit 221 and/or selection unit 225 and/or 
detection unit 226 and/or amplifier 222 may be achieved using a plurality of separate 
chips, processors, circuits, controllers and/or physical units. 

In one embodiment, it may be advantageous that selection unit 225 and/or switching unit 
225 be in proximity to antennas 211 to 217, and/or in higher proximity to antennas 211 to 
217 than recorder 202 or other units (e.g., L=0). This may allow, for example, more 
convenience in operation and/or use of device 12, since cables 231 to 237 may be shorter, 
lighter and/or less tangled. Additionally or alternatively, this may improve the 
performance of receiver 201 and/or its noise figure, for example, since amplifier 222 is in 
proximity to antennas 211 to 217 and therefore signals received by antennas 211 to 217 
travel less distance before being amplified or pre-amplified by amplifier 222. 

In some embodiments, a signal or signals received by antennas 211 to 217 may be 
switched and/or routed using switching unit 221, may be selected using selection unit 
225, and/or may be amplified or pre-amplified using amplifier 222. Furthermore, in 
some embodiments, such signal or signals may be transferred and/or transmitted to 
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another unit; such transmissions may be performed, for example, using a wired 
connection, for example, using cable 203 and connection 223, and/or using a wireless 
connection. 

Cable 203 may be used to connect receiver 201 to recorder 202. In one embodiment, 
cable 203 may include, for example, one or more coaxial cables, and may be connected 
between connection 223 in receiver 201 and connection 224 in recorder 202. Cable 203 
may be detachable from connection 223 and/or from connection 224. Connection 223 
may include a coaxial connection, and/or connection 224 may include a coaxial 
connection. 

In some embodiments, cable 203 may include one or more Bayonet Neil-Concelman / 
British Naval Connector (BNC) cables, and connectors 223 and 224 may each include a 
BNC plug and/or connector. Similarly, cables 231 to 237 may each include a BNC cable, 
and connectors 241 to 247 may each include a BNC plug and/or connector. Cables, 

0 

connectors and/or plugs other than coaxial type and/or BNC type may be used in 
accordance with embodiments of the invention, and they may be of one type or of various 
types. 

In one embodiment, cable 203 may include three cables: cable 291, which may transfer 
power and/or energy from receiver 201 to recorder 202 and/or vice versa; cable 292, 
which may transfer RF signals from receiver 201 to recorder 202 and/or vice versa; and 
cable 293, which may transfer control data, for example, for selecting an antenna from 
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antennas 21 1 to 217 which signal to receive. Other numbers of cables may be used. In 
some embodiments, cable 203 may incorporate cables 291, 292 and 203 within one 
physical cable, and such that cable 203 connects to a single connector 223 and to a single 
connector 224. Other number of cables may be used within cable 203 and/or in addition 

• « 

to cable 203, and such cables may perform other suitable functionalities and/or may 

* 

transfer other suitable types of data in accordance with embodiments of the invention. 

Recorder 202 may include a unit to store signals, data and/or transmissions received by 
receiver 201 and transferred to recorder 202. It is noted that recorder 202 and/or receiver 

201 may include an optional power source (not shown), for example, a battery, to provide 
energy for the operation of recorder 202 and/or receiver 201. 

In some embodiments, receiver 201 may be a part of a wearable garment and/or clothing 
article, for example, a vest or a shirt. Additionally or alternatively, receiver 201, recorder 

202 and cable 203 may be implemented using one or more integrated units. 

It is noted that using device 12 to receive and/or record signals and/or data may allow 
several benefits. For example, in some embodiments, device 12 may be implemented as 
or within a wearable garment, allowing convenient usage, ease of use, comfortable use, 
comfortable body temperature, attractive appearance and/or esthetic layout. Such 
convenience would be appreciated, for example, by patients and/or physicians, in 
contrast, for example, to bonding and/or gluing antennas to a patient's bare skin. 
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Additionally or alternatively, some embodiments of the invention may allow a modular 
usage, a flexible usage and/or a modifiable usage of device 12. For example, in some 
embodiments, device 12 may be implemented using receiver 201, recorder 202 and cable 

* 

203, such that each one of them may be replaced and/or modified separately, if desired. 
In some embodiment, a modification may be performed to receiver 201, for example, 
modifying the type and/or number and/or arrangement of antennas and/or sensors, 
without requiring a modification of recorder 202. 

Additionally or alternatively, in some embodiments, for example, each of receiver 201, 
recorder 202 and/or cable 203 may be replaced and/or fixed separately due to breakage or 
wear and tear, may be separately subject to maintenance and/or preventive maintenance, 
may be separately available for examination and/or debugging, may be separately 
replaced and/or modified to achieve various desired functionalities, and/or may include a 
separate serial number which may be used for various tracking and/or inventory 
purposes. 

In some embodiments, receiver 201 and/or recorder 202 may automatically adjust their 
operation to the number and/or types of antennas and/or sensors used in device 12. Such 
automatic adjustment may be achieved, for example, by using serial numbers to indicate 
properties of receiver 201 and/or recorder 202, such that one unit may automatically 
identify the other unit and may adjust its functionality accordingly. In one embodiment, 
the implementation of device 12 using separate units for receiver 201 and recorder 202 
may, for example, "insulate" recorder 202 from direct connection with a plurality of 
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sensors and/or antennas, e.g., antennas 211 to 217, thus eliminating and/or reducing the 
need of recorder 202 to adjust its operation to changeable number and/or type of sensors 
and/or antennas. 

In some embodiments, recorder 202 may detect the presence or the absence of receiver 
201, and may respond accordingly. For example, recorder 202 may detect that receiver 
201 is connected to recorder 201, and/or that receiver 201 is operational and/or receiving 
signals; recorder 201 may thus respond, for example, by recording signals received from 
receiver 201. Alternatively, recorder 201 may, for example, detect that receiver 201 is 
not connected to recorder 202, and/or that receiver 201 is not operational and/or not 
receiving signals; recorder 201 may thus respond, for example, by not recording data, or 
by recording data indicating the above detection, or by pausing and/or stopping to record 
data. 

Additionally or alternatively, in some embodiments, device 12 may allow an automatic 
identification of various types of sensors and/or arrays and/or receivers such as receiver 
201. For example, in some embodiments, recorder 202 may be able to automatically 
identify the type and/or serial number of recorder 201, or vice versa, to achieve various 
functionalities and/or compatibility. Such automatic identification may be achieved, for 
example, using unique serial numbers which indicate and/or encapsulate information 
describing their properties. 
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In some embodiments, cable 203 may include a single cable, for example, a single 
coaxial cable, in contrast to a plurality of cables. In some embodiments, using a single 
cable 203 may allow, for example, using a simpler connector 223, using a simpler 

♦ * 

connector 224, using a simpler coaxial connector 223, using a simple coaxial connector 
224, using a cable 223 available from a larger selection of suitable cables, and/or using 
connector 223 and/or cable 224 available from a larger selection of suitable connectors. 

In some embodiments, device 12 may be implemented using receiver 201, recorder 202 
and cable 203, such that recorder 202 includes less or significantly less components 
and/or cables than a typical recorder unit. For example, recorder 202 may include a 

♦ 

reduced number of connectors, such as connector 224 or several connectors similar to 
connector 224, in contrast to a conventional recorder which may include numerous 
connectors connected to numerous cables, sensors and/or antennas. 

Additionally or alternatively, in some embodiments, device 12 may have better 
sensitivity and/or reception capability. For example, in some embodiments, antennas 211 
to 217 may be shaped as lines or straight lines, e.g. in a pattern and/or shape similar to 
FIG. 2, which may allow signals to travel a short or a relatively short route, for example, 
until they are amplified by amplifier 222 and/or recorded by recorder 202. In some 
embodiments, amplifier 222 may be close or relatively close to antennas 211 to 217, 
allowing better and/or stronger amplification of signals, and/or allowing amplification of 
signals before transferring them to recorder 202. 
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Additionally or alternatively, in some embodiments, device 12 may optionally include 
one or more self-test units (not shown). For example, in some embodiments, a self-test 
unit may be included in receiver 201 and/or recorder 202. Such self-test unit may allow, 
for example real-time and/or on-line testing of receiver 201, of recorder 202, of antennas 

* 

211 to 217, of the sensitivity and/or reception of antennas 21 1 to 217, etc. 



In some embodiments, device 12 may allow a better positioning and/or stronger 
positioning and/or easier positioning of recorder 202. For example, recorder 202 may 
include a reduced number of connectors, and/or may be connected to a reduced number 
of cables, thus allowing recorder 202 to be more easily positioned and/or to be more 
stable in its place. 



In some embodiments, one or more of sensors 251 to 257 and/or one or more of antennas' 
211 to 217 may be attached to a user's skin and/or body by adhesion, either directly 
and/or indirectly, for example, using an adhesive sleeve and/or cloth. 



It is noted that in some embodiments, it may be advantageous that device 12 may include 
a plurality of antennas, for example, 211 to 217, to cover substantially the entire body 
areas in which device 40 may travel. A plurality of antennas, and/or their positioning and 
alignment, may allow device 12 to receive transmissions sent by device 40 even though 
some body areas and/or tissues may create attenuation. 
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Fig. 3c schematically illustrates a receiver 201 and a recorder 202 according to another 
embodiment of the present invention. Recorder 202 may include a power source 270, for 
example a battery, and may be in electrical communication through wireless channels 
280 to receiver 201. 

FIG. 4 is a schematic illustration of a wearable article 301 incorporating device 12 in 
accordance with an embodiment of the invention. In some embodiments, device 12 may 
be implemented and/or incorporated as, or be a part of, article 301. In some 
embodiments, article 301 may include, for example, a vest, shirt, long-sleeve shirt, short- 
sleeve shirt, T-shirt, sleeve-less shirt, sleeve-less garment, pullover, sweat-shirt, training- 
shirt, bra, sports-bra, under-garment, jacket, blouse, top, gown, dress, robe, coat, belt, 
plurality of belts, horizontal and/or vertical and/or diagonal belts, or other article of 
clothing. In some embodiments, article 301 may be provided in various sizes to fit 
various body dimensions of different users, or, alternatively, article 301 may be provided 
in standard and/or average "one size fits all" dimensions to accommodate a wide variety 
of person sizes. In some embodiments, article 301 may be washable and/or cleanable. 

In some embodiments, article 301 may include device 12. In alternate embodiments, 
article 301 may include receiver 201 and/or recorder 202 and/or recorder 203, and/or one 
or more components of these units. Article 301 may include various design features 
and/or functionality features common in wearable garments, for example, article 301 may 
include one or more buttons, zippers, Velcro connectors, laces, pockets, etc. 
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In some embodiments, article 301 incorporating device 12 may be, for example, put on 
by a patient, such that device 12 may be positioned in proximity or in relative proximity 
to a desired body area to allow better and/or stronger capacity to receive and/or amplify 
and/or record signals and/or transmissions. In some embodiments, for example, article 
301 may be placed in proximity to a patient's stomach and/or back and/or GI tract. Of 
course, article 301 may be worn and/or placed in proximity to other body areas, as 
desired to achieve various benefits and/or functionalities. It is noted that using article 
301 in accordance with embodiments of the invention may obviate and/or reduce a need 
to glue, attach and/or bond sensors and/or cables to a patient's body. 

In some embodiments, article 301 may be washable and/or re-usable by various users. In 
some embodiments, article 301 may incorporate device 12 and/or receiver 201 and/or 
recorder 202 and/or cable 203, such that one or more of these units may be detachable 
from article 301, to allow removal and/or replacement of such units. 

In some embodiments, device 12 and/or receiver 201 and/or recorder 202 may be 
implemented and/or incorporated as a bed, mattress, blanket, table, carpet, board, flat 
board, substantially flat pane, etc. Such implementations and embodiments may, for 
example, allow a patient to lie down over such device 12 to receiver and/or record 
signals. 
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It is noted that other various benefits may be achieved using embodiments of the 
invention. 



FIG. 5 is a flow chart diagram of a method of receiving and/or recording transmissions in 
accordance with an embodiment of the invention. As indicated at block 410, device 12 
may be placed and/or positioned, for example, in proximity to a patient's body. 



As indicated at block 420, signals and/or transmissions may be received by receiver 201. 



Optionally, as indicated at block 430, in some embodiments, one or more sensors, for 
example, one or more of antennas 211 to 217, may be selected for further routing and/or 
amplification and/or recording. In some embodiments, the selection may be performed 
manually and/or automatically. In some embodiments, the selection may be based on, for 
example, signal strength, relative signal strength in comparison to other signals' strength, 
signal strength in comparison to a pre-defined threshold, or other desirable criteria. 



Optionally, as indicated at block 440, the signal and/or signals received and/or selected 
may be amplified. Such amplification may include, for example, pre-amplification. 



As indicated at block 450, the signal and/or signals received and/or selected and/or 
amplified may be routed, for example, to recorder 202 using cable 203. 
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As indicated at block 460, the signal and/or signals may be recorded by recorder 202. In 
some embodiments, for example, signals, transmissions and/or data may be stored by 
recorder 202. 

Other operations and/or series of operations may be used in accordance with 
embodiments of the invention. 

While certain features of the invention have been illustrated and described herein, many 
modifications, substitutions, changes, and equivalents may occur to those of ordinary 
skill in the art. It is, therefore, to be understood that the appended claims are intended to 
cover all such modifications and changes as fall within the true spirit of the invention. 
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